Supplementary Figure 2 | Stiff (50 kPa) substrates are outside of the optimal stiffness range suitable for traction force analysis with MDA-MB-468 cells (a) DIC (cells) and fluorescence (collagen; red) of MDA-MB-468 carcinoma cells on soft (2.3 kPa) and stiff (50 kPa) substrates, demonstrating well-detectable deformation of soft, but not stiff substrates. (b) Substrate elastic deformation (µm) and cell traction stress (Pa) vector maps. The color ranges encode the scalar map for local displacement (µm) and shear stress (Pa). Traction force map for 2.3 kPa collagen grids show a low noise-to-signal ratio (~0.075) while cells on stiff, 50 kPa collagen grids show a high noise-to-signal ratio (~0.83) due to low deformations that are not sufficient to accurately solve the inverse traction force problem. Scale bars -30 µm.
Supplementary Figure 3 | Response to quasi-2D collagen nanoline guidance cues
(a-c) Visual (left panels) and numerical (right panels) comparison of MDA-MB-468 behavior on soft (2.3 kPa) vs. stiff (50 kPa) collagen substrates in control (+DMSO), Arp2/3 suppression (+50 µM CK666) and formin suppression (+25 nM smifH2) conditions in arrayed matrix-form. Cell protrusion analysis was performed as described in Supplementary Figure 1. (a) MDA-MB-468 cells in the presence of vehicle (DMSO) on collagen nanolines show no detectable morphological response to the underlying collagen guidance cues or mechanics unlike fibrous biaxial cues that produce strong mechano-responsiveness, developing greater vertical and horizontal apical protrusion lengths on the stiffer guidance cues (red). Furthermore, compared to cells on fibrous biaxial grids and uniaxial lines (Figures 2 and 3) , nanolines induce significantly less cell protrusion in both directions. . These considerable differences in the cellular response to the two distinct types of 2D guidance cue systems (i.e. quasi-2D vs. Corresponding n values for quasi-2D nanolines are shown on the plot, n values for bi-axial cell lengths data are n=21 (2.3 kPa) and n=14 (50 kPa). Scale bars -15 µm. Number of replicates (independent experiments) for all measurements N=4. Data in the plot panels (right) are mean±s.d.; ns indicates no significant difference between groups; multiple groups were compared by ANOVA, followed by the Tukey's post-hoc analysis. Pairwise comparisons were analyzed using a t-test; *p<0.05, **p<0.001.
Supplementary Figure 4 |
on quasi-2D collagen nanolines but are dispensable for guided dendritic protrusion in response to fibrous biaxial cues.MDA-MB-468 cells on soft 2.3 kPa collagen nanolines show random multidirectional dendritic protrusions in the presence of blebbistatin (white arrowheads). Destabilization of MTs with nocodazole suppresses dendritic formation and induced an isotropic cell spreading morphology. In response to architecture from biaxial guidance cues, cells develop dendritic protrusions in the presence of blebbistatin irrespective of intact MT (i.e. +/-nocodazole) and with similar cell motility dynamics (see Movie 7, cell biaxial dendritic migration in blebbistatin+nocodazole). (b) Validation of the impact of Arp2/3 complex inhibition in MDA-MB-468 cells.Select results obtained by inhibiting Arp2/3 complex with CK666, which inhibits subunits 3 and 4 of Arp2/3, were confirmed with an alternative Arp2/3 inhibitor, CK869, which inhibits subdomain-1 and prevents its association into the Arp2/3 complex. Despite CK869 having different pharmacological kinetics and lower efficiency, similar to CK666 treatment effects, ~50 µM CK869 selectively suppressed uniaxial cell protrusion on soft (2.3 kPa) but not stiff (50 kPa) collagen guidance cues. Scale bars -30 µm. Corresponding n values are shown on the plot. Number of replicates (independent experiments) for all measurements N=2. Data in (c) are mean±s.d.; ns indicates no significant difference between groups; *p<0.05, **p<0.001.
Supplementary Figure 5 | MDA-MB-468 cells dynamics on uniaxial collagen guidance cues
Representative analysis of cell spreading on uniaxial collagen guidance cues with blebbistatin treatment on a compliant substrates (2.3 kPa) or CK666 treatment on a stiff substrates (50 kPa) compared to DMSO control conditions. Protrusion oscillatory activity decreases with increasing stiffness and perturbation of actin assembly. With loss of intrinsic cell contractility, or on soft substrates, cell protrusion is smooth over time consistent with our findings of a more fluidic phenotype, in contrast to cells on stiff substrates with more compacted protrusion-retraction behavior. Furthermore, cell oscillatory activity, however, is higher on biaxial guidance cues (Supplementary Figure 7) , where it is clearly linked to Arp2/3 activity. Supplementary Figure 6 | Structure of adhesion machinery in MDA-MB-468 cells on stiff guidance cues under control conditions (DMSO) and either myosin, Arp2/3 complex, or formin inhibition (a -top) Inhibition of Arp2/3 complex alters FA distribution and actin architecture with redistribution FAs strictly to the apical regions (apical FAs) in both uni-and biaxial systems with CK666 treatment (see also Figure 4f ), in contrast to more prolonged adhesions (elongated FAs) and stress-fibers in control cells (+DMSO, see also Figures 1 and 3, Supplementary Figure 1) . Note, that anisotropy of the adhesion distribution is dictated by the distribution of the cell stresses 1 .
(a -bottom) Schematic representation of stress-fibers and FA dynamics in cells under control (+DMSO) and Arp2/3 inhibition (+CK666) conditions. Both cases feature active formins dynamics that facilitate physical anchorage of stress-fibers to FAs and their elongation and turnover [2] [3] [4] [5] . Active Arp2/3 facilitates F-actin branching that in turn mediates 1D-lamellipodial dynamics on the collagen lines. Conventionally known F-actin branching and 1D-lamellipodial slip (retrograde flow) facilitate fusion and transitioning of peripheral SFs into the transverse arcs rings 6 . Thus, in our fibrous biaxial guidance cue system, actomyosin contractility-driven constriction of transverse arcs drives slippage of transverse arcs inward, establishing the elongated FAs along the span of inner actomyosin network (transverse arcs) that is less aligned toward the boundaries of cellcollagen lines adhesion configuration 6 .
(b) Low contractility (blebbistatin) or non-contractile (smifH2) cells develop a dendritic morphology phenotype where distribution of FAs is diffuse and irregular in both uni-and biaxial guidance systems. Scale bars -30 µm.
